Abstract-Effects of timepidium bromide (TB; anticholinergic agent), acetylcholine (ACh) and neostigmine (Neost) on gastric and duodenal blood flow distribution were studied by the use of 1311-labeled macro aggregated human serum albumin (MAA) in rabbits. In normal rabbits, gastric blood flow was found to be uneven in various regions of the stomach: anterior corpus (50% of total gastric blood flow)>posterior corpus (40%)> pyloric antrum (7%). Intravenous administration of TB (200 ,cg/kg) to normal rabbits produced a slight increase in total gastric blood flow, but the increase in the mucosal layer of the pyloric antrum was considerable. On the other hand, ACh (10 ,ug/kg, i.v.) and Neost (50 /2g/kg, i.v.) signifi cantly reduced the total gastric blood flow, in particular, the mucosal blood flow in the anterior and posterior corpus. This reduction in blood flow was virtually abolished by TB and was restored to the normal level. These results suggest that these cholinergic or anticholinergic drugs affect the gastric blood flow and that these effects may be mediated through muscarinic receptors. Blood flow in the duodenum was only slightly changed by these drugs.
1,1 -Dimethyl-5-methoxy-3-(dithien-2 ylmethylene) piperidinium bromide, time pidium bromide (TB), has a potent spasmolytic activity on the gastrointestinal tract, gallbladder and urinary bladder (1, 2) and also possesses anti-ulcerogenic effects in animals (3) and man (4) .
Gastric ulcer can be induced by the impairment of mucosal blood flow in the stomach and the subsequent aggression of gastric acid and pepsin on the weakened mucosa (5). Goldman and Rosoff (6) suggested that stress ulceration may be caused by ischemic changes in the gastric mucosa due to muscular contractions and extrinsic compression of intramural vessels leading to degeneration of the mucosal cells. In their view it would be desirable for an anti-ulcerogenic agent to increase the gastric blood flow. We therefore examined effects of TB and two commonly used cholinergic drugs, acetylcholine and neostigmine, on blood flow distribution in the stomach and duodenum of rabbits.
Quantiative determinations of blood flow distribution were made using the 1311 macroaggregated human serum albumin method (7, 8) .
MATERIALS AND METHODS
Fifty-two male Japanese White rabbits, ranging from 3.2 to 3.5 kg in body weight, were used to measure the regional blood flow distribution and to prepare auto radiograms.
Two male Sprague-Dawley rats weighing about 250 g were also used for whole body autoradiography (9, 10) to confirm the trapped proportion of injected 1311-MAA in the microcirculation . Food and water were provided ad libitum before start of the experiments.
Determination of blood flow distribution in normal rabbits:
Blood flow distribution was determined by the 131 1-macroaggregated human serum albumin method described by Ueda et al. (7) and Asano et al. (8) with some modification.
Under ether anesthesia, catheters were placed into the left ventricle of the heart through the common carotid artery and in the femoral vein. In all experiments, the rabbits were used 30 min after cessation of these procedures.
In the control experiment, 0.5 ml of saline was given into the femoral vein over a 30 sec period, and 5 min later, 1311-MAA (100 /LCi, 250 ,ig as albumin, 10-50 /cm in diameter) suspended in 6% dextran was injected into the left ventricle during a 10 to 20 sec period. Ten minutes after injection of 1311 MAA, the animals were sacrificed with an overdose of pentobarbital sodium, and the stomach and other organs were quickly removed and weighed.
Blood flow distribution was measured by counting the radioactivity in the organs and was expressed as percent of the total radio activity injected, which represents the distribution ratio of regional blood flow to the cardiac output.
The Student's t-test was used to assess the statistical significance of alterations in blood flow.
Determination
of blood flow distribution in drug-treated rabbits: Acetylcholine (ACh, 10 ,Ig/kg) or neostigmine (Neost, 50 ng/kg) was administered from the femoral vein over a 30 sec period.
1311-MAA was injected into the left ventricle of rabbits 2 min after ACh or 5 min after Neost.
TB (200 /tg/kg) was injected into the femoral vein 5 min prior to 1311-MAA . Subsequent procedures were as described above.
To evaluate the effects of TB on gastric and duodenal blood flow in cholinergic drug-treated animals, TB was administered in a dose of 200 ;cg/kg through the femoral vein 3 min before ACh or 5 min after Neost. 1311-MAA was given into the left ventricle of the animals 2 min after ACh and 10 min after Neost.
Dissection of the gastric and duodenal walls and measurement of the radioactivity: The stomach was incised along the greater curvature and divided into 9 segments as shown in Fig. 1 Microscopic observation showed that the mucosal and muscular layers were almost completely separated from each other.
Each segment of the gastric mucosa and muscle was put into a plastic tube, and the Posterior Wall of Corpus Ven triculi. Pyl (P, +Pn+P3): Pyloric Antrum. Duo: Duodenum. radioactivity was counted using a gamma spectrometer (Aloka, JDC-751 ). Radio activity in the duodenum was measured as total counts in the mucosal and muscular layers because it was difficult to separate them from each other. Autoradiographic distribution of 1311-MAA: Two rats were administered 50 /iCi of 1311 MAA (125 gig as albumin) ntravenouslv. Ten minutes later, the animals were anes thetized with ether and frozen in dry ice acetone.
Saggital sections, 40 ;gym thick, were cut from the frozen animals using an Autocryotome (NA-200F). The sections were then freeze-dried, placed in contact with X ray films (Kodak NS-5T), and kept at 5° for 7 days for exposure.
The autoradiograms were then obtained after the development and fixation.
Two normal rabbits were injected with 100 /jCi of 1311-MAA (250 pg as albumin) into the left ventricle and killed 10 min later. The stomach and duodenum were excised, fixed and incised along the greater curvature . 
RESULTS

Autoradiographic
distribution of 1311-MAA After i.v. administration of 1311-MAA to rats, the radioactivity was located only in the lung, and it was apparent that 131 I-MAA was trapped in the capillaries or small arterioles of the lung (Fig. 2) . Figure 3 shows a typical autoradiogram of the mucosal surfaces of the stomach and duodenum after ventricular injection of 1311
MAA to normal rabbits.
The highest radio activity was in the corpus, followed by the radioactivity in the duodenum, and the lowest in the pyloric antrum. Within the corpus, the radioactivity in the anterior wall Table 1 . These values are similar to those obtained by the radioactive microsphere technique (11) .
As shown in Table 2 , the anterior corpus was supplied with the largest share of the total gastric blood flow, about 50%, and the posterior corpus with about 40%. Only 7% of the total gastric flow was distributed in the pyloric antrum.
Blood flows per gram of wet tissue of the stomach and duodenum are also shown in Table 2 . The blood flow in the pyloric antrum was much lower than those in the corpus (P<0.05) and duodenum (P<0.1).
A slight difference in blood flow between the anterior and posterior corpus was also observed, Within the corpus, the blood flows in the border regions (V1, V2, H,, H_,) were somewhat less than those in the principal regions (V3, H3), but the pyloric antrum seems to show no obvious difference in blood flow between the three segments P,, P2 and P3 (Fig. 4) . It was thus revealed that gastric blood flow was unevenly distributed in the stomach in terms of both total blood flow and blood flow per g of tissue.
Since the mucosal layer plays an important role in the microcirculatory system of the stomach, the blood flows in the mucosal and muscular layers of the stomach were individually estimated.
As shown in Table 3 , the mucosal blood flow was far greater than that of the muscular layer.
Effects of the drugs on gastric blood flow Cholinergic drugs:
Treatment with ACh (10 ,tg/kg, i.v.) significantly reduced the total gastric blood flow from the control levels (P<0.05). In particular, the mucosal blood flow decreased both in the anterior and posterior corpus (P<0.05, Fig. 5 ).
Intravenous administration of Neost to normal rabbits also reduced the total gastric blood flow. As shown in Fig. 5 , the mucosal blood flow in the anterior corpus was markedly reduced. When compared with ACh, the effect of Neost on the total gastric blood flow was less in degree.
Timepidium bromide (TB): When TB was administered i.v. in a dose of 200 /,,g/kg, TB caused a slight increase in total gastric blood flow (Fig. 5) . TB increased the mucosal blood flow in the posterior corpus and the pyloric antrum. The increase in the pyloric antrum was significant. In detailed regions, the TB-treated group showed increased blood flow especially in P, of the pyloric antrum (P<0.05) and H3 of the posterior corpus (Fig. 4) . Therefore, TB tended to lessen the differences in regional gastric blood flow. Effect of TB on gastric blood flow under the influence of cholinergic drugs When rabbits were pretreated with TB before ACh treatment, blood flow increased 98.5% in the anterior corpus (P<0.05), 66.4% in the posterior corpus (P<0.1 ), and 36.4% in the pyloric antrum from the levels obtained after ACh treatment alone (Fig. 5) . The increases in mucosal blood flow in the anterior corpus, posterior corpus, and antrum were 106.4% (P<0.05), 74.0% (P< 0.1), and 57.7%, respectively. Both mucosal and muscular blood flow in V3 markedly increased, especially in the mucosal layer (P<0.05, data not shown).
There were no significant differences from the blood flows of normal rabbits, and therefore, TB virtually abolished the effect of ACh on gastric blood flow (P<0.05, Fig. 5 ).
Effects of TB on blood flow in the stomach of rabbits treated with Neost were also examined.
As shown in Fig. 5 , no significant difference in gastric blood flow was observed in comparison with the control levels, indicating that TB also abolished the effect of N eost. Effects of the drugs on duodenal blood flow
Since it was difficult to separate the mucosal layer from the muscular layer in the duodenal wall of rabbits, blood flow in the duodenum was measured as a whole. As shown in Table 4 , blood flow in the duodenum of rabbits treated with cholinergic or anticholinergic drugs showed little difference from the control in contrast with the stomach.
DISCUSSION
For the measurement of gastric blood flow, 1311-MAA was used because it has the same Table 4 . Duodenal blood flow distribution (% of the cardiac output/g tissue) of the rabbits in various experimental groups
Each value represents the mean and S.E. of 7 to 11 animals.
specific gravity as serum and can be mixed with blood completely (7) . This enabled us to measure the total and regional blood flow in organs simultaneously. Total blood flows in various organs obtained by the 1311-MAA method were in good agreement with those obtained by the radioactive microsphere technique (11) , showing the validity of this method.
When gastric and duodenal blood flows were determined in normal rabbits by the use of 1311-MAA, differences between various regions of the stomach were observed by means of both radioassay and autoradio
graphy. There was a considerable difference in blood flow between the pyloric antrum and the corpus or duodenum and a slight difference between the anterior and posterior corpus ( Table 2 ). Delaney and Grim (12), using a 42K clearance technique, found that in normal dogs the blood flows in the corpus and antrum were 89% and 1 1 % of the total gastric flow, respectively.
Asano et al. (8) , using 1311-MAA, reported that in normal rabbits the relative blood flow in the anterior corpus, posterior corpus, and pyloric antrum was 1.71, 1.38 and 1.0, respectively. Our results are in good agreement with their data. The finding that the border segments (V2, H2) corresponding to the lesser curvature had a poorer supply of blood flow than V3 and H3 of the corpus seems to be in accord with the report of Atari (13) that the peptic ulcer on the lesser curvature side is more likely to recur and enduring inflammation is more apt to take place in these regions because of lesser vascular distribution as compared with the rest of the corpus.
As shown in Table 3 , the blood flow in the mucosal layer of the stomach was much greater than that in the muscular layer, occupying more than 80% of the total gastric blood flow. This indicates that the microcirculatory system of the mucosal layer of the stomach plays an important role as the defensive site against gastric ulcers.
ACh and Neost have been shown to cause contraction of the smooth muscle of the gastric wall, vasodilation of the peripheral vessels, and stimulation of the secretion of gastric juice (14) .
In the present experiment. ACh did not increase the blood flow in the acid secreting regions of the gastric mucosa, but instead it remarkably reduced the total gastric blood flow. Asano et al. (8) reported that ACh extremely increased the gastric blood flow. This discrepancy could be explained partly by the difference in the route of administration of the drug. We administered ACh to rabbits intravenously, whereas their route of administration was subcutaneous.
No precise descriptions about the injected dose and other procedures are given in their report. It is conceivable that in our experiment ACh may have caused predominantly extravascular contracture (i.e., contraction of the gastric wall) rather than vasodilation.
In the case of Neost, an in hibitor of cholinesterase, a similar tendency of reduction in blood flow was demonstrated but it was less prominent than in the case of ACh.
In cholinergic drug-treated animals, TB abolished the effects of these drugs on blood flow and restored the reduced blood flow to the normal level. Since TB is considered to act primarily on the muscarinic sites (3), the above effect of TB may be mediated by its action on these sites.
